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(54) Abnormality detection apparatus for power supply circuit 

(57) An abnormality detection apparatus for a 
power supply circuit associated with an internal com- 
bustion engine detects an abnormality that may occur in 
a power supply circuit, and controls the automatic stop 
and the automatic start of the engine based on the state 
of the power supply circuit. The state of charge/dis- 
charge of a battery determined based on the electric 
potential of a temninal located between the battery and 
a generator-motor or a load is compared with the cur- 
rent through the battery detected by an ammeter. If 
there is a contradiction therebetween, it is determined 
that an abnorniality has occurred somewhere in the 
power supply circuit including the battery. When it is 
determined that the power supply circuit has an abnor- 
mality, the apparatus performs such a control as to pre- 
vent the automatic stop/start control in which the engine 
is automatically stopped if a predetermined condition is 
met, and in which the engine is automatically restarted 
when the condition is unmet after being met. 
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Description 

BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

[0001] The invention relates to an abnormality 
detection apparatus for a power supply circuit associ- 
ated with a control apparatus for an internal combustion 
engine. More particularly, the invention relates to an 
abnomnality detection apparatus that detects an abnor- 
mality in a power supply circuit having, as a power sup- 
ply, a chargeable/dischargeable battery connected to a 
power generator and a load, and an internal combustion 
engine control apparatus that perfonms automatic 
stop/start control of an engine installed in a vehicle, that 
Is, stops the engine when a predetermined condition is 
met, and restarts the engine when the condition is 
unmet after being met 

2. Description of the Related Art 

[0002] An automatic stop/start control apparatus for 
an internal combustion engine is proposed (in, e.g., 
Japanese Utility Model Application Laid-Open No. SHO 
63-65833) which has a battery sensor for detecting an 
abnomnality of a battery. When the battery sensor 
detects an abnormality of the battery, the apparatus pro- 
hibits the automatic stop/start control of the internal 
combustion engine so as to prevent an automatic stop 
of the operation of the engine. 

[0003] In some cases, however, this type of control 
apparatus fails to automatically restart the internal com- 
bustion engine. For example, if there is a contact failure 
in a power supply circuit that includes the battery, elec- 
tric power is not supplied to a self-starting motor for 
starting the internal combustion engine even though the 
battery sensor does not detect an abnormality of the 
battery. Therefore, once the engine is automatically 
stopped with such an undetected power supply circuit 
feilure, the engine cannot be automatically restarted. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, it is an object of the power sup- 
ply circuit abnormality detection apparatus of the inven- 
tion to detect an abnormality that may occur in a power 
supply circuit and to direct the control of the automatic 
stop and the automatic start of an internal combustion 
engine with an internal combustion engine control appa- 
ratus, based on the state of a power supply circuit. 
[0005] To achieve the aforementioned and other 
objects, one aspect of the invention provides an abnor- 
mality detection apparatus for a power supply circuit 
having a chargeable battery connected to a generator, 
the apparatus including a controller. The controller 
determines a state of the generator, determines a state 
of the battery, and determines that the power supply cir- 



cuit is normal, (a) when the generator is in a generating 
state (where the generator is able to charge the battery) 
and the battery is in a charged state, or (b) when the 
generator is in a non-generating state and the battery Is 
5 in a discharged state. 

[0006] According to the above-described aspect, it 
is possible to determine whether the power supply cir- 
cuit has an abnormality based on a combination of the 
state of the generator and the state of charge/discharge 

10 of the battery. 

[0007] In the above-described aspect, the abnor- 
mality detection apparatus may further include a cunrent 
detector that detects a current through the battery, 
wherein the controller detects an electric potential of at 

15 least a portion of a wiring connecting between the gen- 
erator and at least one of the generator and a load, and 
wherein the controller detects an abnormality of the 
power supply circuit based on the electric potential 
detected and the current detected by the current detec- 

20 tor. Therefore, it becomes possible to detect an abnor- 
manty including an abnormarity related to an electrical 
connection. It also becomes possible to detect whether 
the battery is reversely connected and whether the 
engine is started by jump start 

25 [0008] Another aspect of the invention provides an 
abnomnality detection apparatus for a power supply cir- 
cuit of an Internal combustion engine Installed in a vehi- 
cle, the apparatus including an abnormality detection 
apparatus for a power supply circuit as described above 

30 and an engine controller. The engine controller auto- 
matically stops the internal combustion engine when a 
predetermined condition is met. The engine controller 
restarts the internal combustion engine when the prede- 
termined condition is unmet after being met When the 

35 abnormality detection apparatus determines that the 
power supply circuit has an abnormality, an automatic 
stop/start of the internal combustion engine is prohib- 
ited. 

[0009] Therefore, when an abnormality is detected 
40 in the power supply circuit, the abnomnality detection 
apparatus does not permit the automatic stop/start con- 
trol apparatus of the Internal combustion engine to 
stop/start the engine. Hence, the apparatus avoids an 
inconvenience where the engine cannot be automati- 
45 caily restarted. 

[0010] Although this summary does not disclose all 
the features of the present Invention, it is to be under- 
stood that any combination of the features stated in the 
dependent claims is within the scope of the present 
so Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and further objects, features 
55 and advantages of the invention will become apparent 
from the following description of a preferred embodi- 
ment with reference to the accompanying drawings, 
wherein like numerals are used to represent like ele- 
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ments and wherein: 

FIGURE 1 is a schematic illustration of a construc- 
tion of an engine automatic stop/start control appa- 
ratus and an abnormaPrty detection apparatus for a 
power supply circuit according to an embodiment of 
the invention; 

FIGURE 2 is a flowchart illustrating an abnormality 
detecting routine executed by a power supply circuit 
ECU; 

FIGURE 3 is a graph indicating a relationship 
between the battery temperature and the adjust- 
ment voltage for charging the battery; 
FIGURE 4 is a graph indicating a relationship 
between the battery temperature and the open-cir- 
cuit voltage of the battery; and 
FIGURE 5 is a flowchart illustrating an automatic 
stop/start control routine executed by a vehicle 
ECU in the embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

[0012] A preferred embodiment of the invention will 
be described hereinafter with reference to the accompa- 
nying drawings. 

[0013] FIGURE 1 ts a schematic illustration of a 
construction of an abnormality detection apparatus 40 
for a power supply circuit and a construction of an auto- 
matic stop/start control apparatus 20 for an engine 22. 
As shown in FIGURE 1 , the automatic stop/start control 
apparatus 20 includes the engine 22 driven through the 
use of gasoline as a fuel, and an automatic transmission 
26 that changes the speed of rotation transmitted from 
a crankshaft 24 which is an output shaft of the engine 
22, and that outputs torque to drive wheels 30, 32 con- 
nected to the automatic transmission 26 via a differen- 
tial gear 28. The automatic stop/start control apparatus 
20 also includes a generator-motor 34 that starts the 
engine 22 by rotating the crankshaft 24 and that gener- 
ates electric power from drive power from the crankshaft 
24, and a battery 42 that is charged l^y the generator- 
motor 34 and that supplies power to the generator- 
motor 34 and loads 36, 38. The automatic stop/start 
control apparatus 20 further includes a power supply 
circuit ECU 52 that determines whether the power sup- 
ply circuit including the battery 42 has an abnormality, 
and a vehicle ECU 60 that performs overall controls. 
[0014] A fuse 48 is connected to a positive temninal 
of the battery 42 via an ammeter 44 that detects the cur- 
rent IB through the battery 42. A terminal 50 of the fuse 
48 is connected to the generator-motor 34 and the loads 
36, 38. The terminal 50 of the fuse 48 is connected to 
the power supply circuit ECU 52 by an electrically con- 
ductive line 51, so that the electric potential VB of the 
terminal 50 can be detected by the power supply circuit 
ECU 52. The battery 42 ts provided with a temperature 
sensor 46 that detects the temperature T inside the bat- 



tery 42. The temperature sensor 46 is connected to the 
power supply dncuit ECU 52 by an electrically conduc- 
tive line. The negative terminal of the battery 42 is 
grounded. 

5 [0015] Although not shown in the drawings, the 
power supply circuit ECU 52 is formed as a microcom- 
puter having a CPU as a main component The power 
supply circuit ECU 52 has a ROM storing processing 
programs, a RAM for temporarily storing data, input/out- 

10 put ports, and the like. The power supply circuit ECU 52 
accepts as an input signals representative of the current 
IB from the ammeter 44, the battery temperature T from 
the temperature sensor 46, and the like, via the input 
port. The power supply circuit ECU 52 outputs a result 

IS of an abnonmality determination with respect to the 
power supply circuit as a control signal via the output 
port. Furthermore, although not shown, the power sup- 
ply circuit ECU 52 has therein a voltmeter connected to 
the electrically conductive line 51 and to the ground, so 

20 that the electric potential difference between the termi- 
nal 50 and the ground can be detected. 
[0016] Although not shown in the drawings, the 
vehicle ECU 60 Is formed as a microcomputer having a 
CPU as a main component, as is the case with the 

25 power supply circuit ECU 52. The vehicle ECU 60 has a 
ROM storing processing programs, a RAM for tempo- 
rarily storing data, input/output ports, and the like. The 
vehicle ECU 60 accepts input of control signals from the 
power supply dncuit ECU 52, and signals from various 

30 sensors that are disposed in the engine 22, the auto- 
matic transmission 26, the generator-motor 34 and the 
like, via the input port The vehide ECU 60 outputs drive 
signals to driver devices of appliances that are needed 
to operate the engine 22, the automatic transmission 

35 26, the generator-motor 34, and the like, via the output 
port. 

[0017] As for the hardware construction of the 
power supply circuit abnormality detection apparatus 
40, the apparatus 40 is formed by the ammeter 44 that 

40 detects the current through the battery 42. the tempera- 
ture sensor 46 that detects the temperature T inside the 
battery 42, the electrically conductive line 51 provided 
for detecting the electric potential of the terminal 50 pro- 
vided at a predetermined location on the wiring extend- 

45 ing from the battery 42 to the generator-motor 34 and to 
the loads 36, 38, and the power supply circuit ECU 52. 
[0018] The operation of the automatic stop/start 
control apparatus 20 will next be described. 
[001 9] The power supply circuit abnormality detect- 

50 ing operation of the abnormality detection apparatus 40 
for the power supply circuit will be described first, and 
the automatic stop/start control process using results of 
the abnormality detecting operation will be described 
later. 

55 [0020] FIGURE 2 is a flowchart illustrating an 
example of an abnormality detecting routine executed 
by the power supply circuit ECU 52. This routine is 
repeatedly executed at every predetermined time (e.g., 
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every minute) after the engine of the vehicle is started. 
When the routine is executed, the CPU of the power 
supply circuit ECU 52 first executes a process of read- 
ing the current IB through the battery 42 detected by the 
ammeter 44, the electric potential VB of the terminal 50, 
and the temperature T of the battery 42 detected by the 
temperature sensor 46 (step S1 00). 

[0021] Next, the CPU executes a process of read- 
ing the open-circuit voltage VD of the battery 42 and the 
adjustment voltage VC for charging the battery 42 
based on the battery temperature T read as mentioned 
above (step S102). The adjustment voltage VC for 
charging is a voltage set as a generation voltage of the 
generator-motor 34 in order to properly charge the bat- 
tery 42. In this embodiment, the adjustment voltage VC 
is set so as to decrease with increases in the tempera- 
ture T of the battery 42 as exemplified in FIGURE 3. The 
relationship between the adjustment voltage VC and the 
temperature T of the battery 42 is determined by the 
condition of use, the kind of the battery, and the like. The 
open -circuit voltage VD of the battery 42 is the electric 
potential difference between the output terminals of the 
battery 42 occurring when the terminals are not con- 
nected to any load, tn general, the open-circuit voltage 
VD and the temperature T of the battery 42 have a rela- 
tionship that the open-circuit voltage VD increases with 
increases in the temperature T of the battery 42 as 
exemplified in FIGURE 4. The relationship between the 
open-circuit voltage VD and the temperature T of the 
battery 42 is also determined by the kind of the battery, 
and the like. In this embodiment, the relationship 
between the adjustment voltage VC for charging the 
battery 42 and the temperature T of the battery 42, and 
the relationship between the open-circuit voltage VD of 
the battery 42 and the temperature T of the battery 42 
are stored in the form of maps in the ROM provided in 
the power supply circuit ECU 52. When a temperature T 
of the battery 42 is given, the corresponding adjustrnent 
voltage VC and the corresponding open-circuit voltage 
VD are derived from the maps. 

[0022] After deriving the adjustment voltage VC and 
the open-circuit voltage VD, the CPU executes a proc- 
ess of comparing the electric potential VB of the termi- 
nal 50 read in step S1 DO with the adjustment voltage VC 
and the open-circuit voltage VD (step S1 04). If the elec- 
tric potential VB of the terminal 50 is substantially equal 
to the adjustment voltage VC with an error allowed 
within a predetermined range, the CPU determines that 
the generator-motor 34 is generating power for charging 
the battery 42. The CPU then checks the sign of the cur- 
rent IB flowing through the battery 42, that is, positive or 
negative (step S106). In this embodiment, the current 
occurring when the battery 42 is being discharged is 
determined as a positive current Therefore, if the cur- 
rent IB is negative, the CPU determines that the battery 
42 is being nomialty charged, and then sets a value of 
zero in an abnormality determination flag F (step S1 14). 
After that, the CPU ends the routine. Conversely, if the 



current IB is positive, the current IB indicates a dis- 
charged state although the generator-motor 34 is in a 
power generating state, so that the CPU determines 
that the power supply circuit has an abnormality. The 
5 CPU then sets a value of 1 in the abnormality determi- 
nation flag F (step S1 08). After tiiat, the CPU ends tiie 
routine. The abnormality determination flag F is set to 
zero by an initializing routine that is executed when the 
engine of the vehicle is started. 

10 [0023] If the electric potential VB of the terminal 50 
is less than the open-circuit voltage VD, the CPU deter- 
mines that the generator-motor 34 is not in the generat- 
ing state for charging the battery 42, and then checks 
the sign of the current IB flowing through the battery 42, 

15 that is, positive or negative (step S1 1 0). If the cun'ent IB 
IS positive, the CPU determines that the battery 42 is 
being normally discharged, and then sets zero in the 
abnormality determination flag F (step 81 14). Then, the 
CPU ends the routine. Conversely, if the current IB is 

20 negative, the current IB indicates a charged state 
although the generator-motor 34 is not in the generating 
state, so that that the CPU determines that the power 
supply circuit has an abnomnality. The CPU then sets 
"1" into the abnormality determination flag F (step 

25 S1 12). Then, the CPU ends the routine. If the electric 
potential VB of the terminal 50 is not equal to the adjust- 
ment voltage VC but is equal to or greater than the 
open-drcuit voltage VD, the CPU sets zero into the 
abnormality detennination flag F (step S1 14), and then 

30 ends the routine. 

[0024] The above-described abnormality detection 
apparatus 40 for the power supply circuit is able to 
detect an abnormality that is possible to occur in the 
power supply circuit, based on the electric potential VB 

35 at the predetermined location (terminal 50) between the 
battery 42 and the generator-motor 34 or the loads 36, 
38, and tine current IB through the battery 42. More spe- 
ciflcally, the abnomnality detection appanatus 40 is able 
to determine whether the power supply circuit has art 

40 abnormality, based on whether there is a contradiction 
between the state of power generation of the generator- 
motor 34 determined based on the electric potential VB 
of the terminal 50 and the state of charge/discharge of 
the battery 42 determined based on the cun*ent IB fiow- 

45 ing through the battery 42. Furthermore, since the 
abnormality detection apparatus 40 derives the adjust- 
ment voltage VC and the open-circuit voltage VD by 
using the temperature T of the battery 42, the apparatus 
40 is able to more precisely detect an abnormality of the 

so power supply circuit 

[0025] Furthermore, the power supply circuit abnor- 
manty detection apparatus 40 of the embodiment is able 
to detect a reversed connection of the battery 42, a . 
jump-start, or the like as an abnormality. In the case of 

55 a reversed connection of the battery 42, a current IB 
flows into the battery 42, that is, indicates the charged 
state, when the generetor-motor 34 is not the generat- 
ing state. Therefore, the reversed connection can be 
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detected as an abnormality. At the time of a jump-start, 
a voltage generated In the rescue car Is supplied to the 
terminals of the battery 42, so that a voltage indicating a 
predetermined power-generating state is detected at 
the terminal 50, and the cun-ent IB flows out of the bat- 5 
tery 42. that is, indicates the discharged state. Thus, the 
jump-start can be detected as an abnormality. 
[0026] Although in the abnormality detection appa- 
ratus 40 for the power supply circuit in the embodiment, 
"1 ■ is set in the abnormality determination flag F when it to 
is determined that the power supply circuit has an 
abnormality, it is also possible to turn a warning lamp on 
or produce a voice message in addition to setting '1' in 
the abnormafity determination flag F. 
[0027] Although in the embodiment, the adjustment is 
voltage VC and the open-circuit voltage VD are derived 
from the temperature T of the battery 42, it is also pos- 
sible to perform detection of an abnormafity ti^y using an 
acQustment voltage VC and a open-circuit voltage VD 
provided with latitudes and by omitting the use of the 20 
temperature T although this detection method has a 
slightly reduced precision in abnormality detection. 
[0028] The automatic stop/start control process will 
next be described. 

[0029] FIGURE 5 is a flowchart Illustrating an 2S 
example of an automatic stop/start control routine exe- 
cuted by the vehicle ECU 60. This routine is repeatedly 
executed at predetermined length of time (e.g., every 8 
msec) after the engine of the vehicle is started. 
[0030] When this routine is executed, the CPU of 30 
the vehicle ECU 60 first executes a process of reading 
the abnormality determination flag F set in the abnor- 
mality detecting routine exemplified in FIGURE 2 (step 
S200). More specifically, the CPU accesses a predeter- 
mined address in the RAM of the power supply circuit 35 
ECU 52 at which the abnormality determination flag F is 
written. After reading the abnormality detemnination flag 
F, the CPU checks the value thereof (step S202). If the 
value is zero, the CPU determines that the power supply 
circuit has no abnormality, and then executes a normal 40 
automatic stop/start control (step S204). After that, the 
CPU ends the routine. The automatic stop/start control 
is a control in which tiie operation of the engine 22 is 
stopped by stopping the fuel supply to the engine 22 
and the ignition control when a predetermined condition 45 
(e.g., a condition that the brake fluid pressure is at least 
a predetermined value while the vehicle is in a stopped 
state, a condition that a hand brake (or an emergency 
brake) is engaged or the shift position is the P position 
while the vehicle is in the stopped state, or the like) is so 
met, and in whksh the engine 22 is restarted by driving 
the generator-motor 34 when the predetenmined condi- 
tion is unmet after being met 

[0031 ] If the value of the abnormality determination 
flag F is "1 the CPU of the vehicle ECU 60 determines ss 
that the power supply circuit has an abnormality, and 
then ends the routine' without executing the automatic 
stop/start control. This is because when the power sup- 



ply circuit has an abnormality, power cannot be supplied 
from the battery 42 to the generator-motor 34 in some 
cases. In such cases, once the operation of the engine 
22 is stopped, the engine 22 cannot be restarted by the 
automatic stop/start control. 

[0032] The automatb stop/start control apparatus 
20 according to the invention does not perform the auto- 
matic stop/start control of the engine 22 when the power 
supply circuit has an abnormality. Therefore, the appa- 
ratus is able to avoid the inconvenience where, after 
being stopped, the engine 22 cannot be restarted. 
[0033] While the invention has been described with 
reference to what is presently considered to be a pre- 
ferred embodiment thereof, it is to be understood that 
the invention is not limited to the disclosed embodiment 
or constructions. On the contrary, the invention is 
intended to cover various modifications and equivalent 
arrangements. 

Claims 

1. An abnonriality detection apparatus (40) for a 
power supply circuit having a chargeable battery 
(42) connected to a generator (34), characterized 
by comprising: 

means for determining a state of the generator 
(34); 

means for determining a state of the battery 

(42); 

abnormality determining means (52) for deter- 
mining that the power supply circuit is normal 
when the generator (34) is in a generating state 
and the battery (42) is in a charge state or 
when the generator (34) is in a non-generating 
state and the battery (42) is in a discharge 
state. 

2. An abnormality detection apparatus (40) according 
to claim 1 , characterized by further comprising: 

current detecting means(44) for detecting a 
current through the battery (42); and 
electric potential detecting means (52) for 
detecting an electric potential of at least a por- 
tion of a wiring connecting between the power 
supply circuit and at least one of the generator 
(34) and a load, wherein 
the abnormality determining means (52) 
detects an abnormality based on the electric 
potential detected by the electric potential 
detecting means (52) and the current detected 
by the current detecting means (44). 

3. An abnormality detection apparatus according to 
claim 2, wherein the the abnormality determining 
means (52) comprises generator state determining 
means for determining the state of the generator 



5 



0 



trvTOiiaRAO 1 «. 



( 

9 EP 1 079 496 A2 



based on the electric potential detected by the elec- 
tric potential detecting means (44). 

4. An abnonmality detection apparatus according to 
claim 3, wherein the generator state determining s 
means determines that the generator (34) is in the 
generation capable state when the electric potential 
detected by the electric potential detecting means 
(52) is equal to a predetermined electric potential. 

5. An abnormality detection apparatus according to 
claim 4, wherein the predetermined electric poten- 
tial is determined based on an output electric 
potential set in the generator (34). 

6. An abnormality detection apparatus according to 
one of the claims 1 to 5, characterized by further 
comprising temperature detecting means (46) for 
detecting a tenperature of the battery (42), wherein 
the generator state detemiining means sets the 
predetermined electric potential based on the tem- 
perature detected bfy the temperature detecting 
means (46). 

7. An intemal combustion engine automatic stop/start 
control apparatus (20) that performs an automatic 
stop/start control in which an internal combustion 
engine (22) installed in a vehicle is stopped when a 
predetermined condition is met, and in which the 
intemal combustion engine is restarted when the 
predetermined condition is unmet after being met, 
the automatic stop/start control apparatus being 
characterized by comprising: 

an abnormality detection apparatus for a power 
supply circuit described in any one of claims 1 
to 6; and 

prohibition control means (60) for prohibiting 
the automatic stop/start control when an abnor- 
mality is detected by the abnormality detection 
apparatus (40). 

8. An abnormality detection method for a power sup- 
ply circuit having a chargeable battery connected to 
a generator, the method characterized by compris- 
ing: 

detemnining a state of the generator; 
determining a state of the battery; and 
detemnining that the power supply circuit is nor- 
mal when the generator is in a generating state 
and the battery is in a charged state or when 
the generator is in a non-generating state and 
the battery is in a discharged state. 

9- A abnormality detection method according to claim 
8, characterized by further comprising: 



( 

10 

detecting a current through the battery; 

detecting an electric potential of at least a por- 
tion of a wiring connecting between the power 
supply circuit and at least one of the generator 
and a load; and 

determining whether the power supply circuit 
has an abnormality based on the electric 
potential detected and the current detected by 
the current detector. 

10. An abnormality detection method according to 
claim 9 or 10, wherein the state of the generator is 
determined based on the electric potential 
detected. 

11. An abnormality detection method according to 
claim 1 0, wherein it is determined that the genera- 
tor is in a generation capable state when the elec- 
tric potential detected is equal to a predetermined 
electric potential. 

12. An abnormality detection method according to 
claim 1 1 , wherein the predetermined electric poten- 
tial is determined based on an output electric 
potential set in the generator. 

13. An abnormality detection method according to one 
of the claims 10 to 12, characterized by further 
comprising: 

detecting a temperature of the battery; and 
changing the predetermined electric potential 
based on the temperature detected. 
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(57) An abnomnality detection apparatus for a power 
supply circuit associated with an Internal combustion 
engine detects an abnormality that may occur in a power 
supply circuit, and controls the automatic stop and the 
automatic start of the engine based on the state of the 
power supply circuit. The state of charge/discharge of a 
battery determined based on the electric potential of a 
terminal located between the battery and a generator- 
motor or a load is compared with the current through the 
battery detected by an ammeter. If there Is a contradic- 
tion therebetween, it is determined that an abnormality 
has occurred somewhere in the power supply circuit in- 
cluding the battery. When it is determined that the power 
supply circuit has an abnomnality, the apparatus per- 
forms such a control as to prevent the automatic stop/ 
start control In which the engine is automatically stopped 
if a predetermined condition is met, and in which the en- 
gine is automatically restarted when the condition is un- 
met after being met. 
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